The structural formulas were determined of very pure specimens of montmorillonite, beidellite, saponite, nontronite, hectoritc, wolchonskoite, vermiculite, and batavite. The lattice perfection of these minerals and the nature and variation of their crystalline swelling depend significantly on the surface density of the exchangeable cations between the silicate sheets.
Especially pure, hand-picked specimens of various minerals of the montmorillonite group, including montmorillonite, beidellite, saponite, hectorite, nontronite, and wolchonskoite, were analyzed. The structural formulas were calculated from the chemical analyses. The calculations were based on the montmorillonite structure of Hofmann, Endell, and Wilm (1933) and on the assumptions of Marshall (1935) and Noll (1936) that the exchangeable cations are bound to the clay because of replacement in the tetrahedral or octahedral layers. The calculation was made in the following way:
1. The independently determined exchangeabIe cations were separated from the formula as cations.
2. The tetrahedral positions were completely filled with Si and AI. With these assumptions two calculations were made taking a) Complete filling of all O and OH positions; and b) Complete filling of the octahedral positions with two or three cations per unit formula. The difference between the results from these two calculations lay near the analytical error. Therefore, an average value was taken.
The result shows the characteristic differences between the montmorillonite and beidellite types, already shown by the studies of Ross and Hendricks (1941 ; 1945) and others. In our studies, too, the minerals tested could be distinctly related to the dioctahedral or the trioctahedral type (Table 1) . The structural formulas of a sample of batavite and another of vermiculite were similarly calculated (Table 2) . Both proved to be of the beidellite type and were trioctahedral.
There is a distinct connection between the quantity of exchangeable cations (in equivalents per unit formula) and the appearance as well as the variation of the intracrystalline swelling and the lattice perfection (Weiss, Koch, and Hofmann, 1955) . This relation is shown in Table 3 . Below 0.55 equivalent cations per unit formula a very intensive intracrystalline expansion in water is effected by exchangeable Na and K ions. Above 0.57 equivalents, even with alkali ions the intracrystalline swelling in water attains a limit of 14 to 16 ~ for the layer spacing. Above 0.65 equivalents in the presence of K ions the basal spacing in water remains at 10.3 A--the same value as in the dry state.
The micas, which display no intracrystalline swelling, contain more than 0.7 equivalents of K ions between the silicate layers. The disorder of the layer sequence in the lattice diminishes in the same order, as can be seen from the appearance of the hkl reflections. If there are no cations between the silicate layers the minerals display no intracrystaUine swelling, and the lattice perfection is high, as in pyrophyllite and talc. Also, when intracrystalline swelling is lost by heating, the quantity of exchangeable cations fails below 0.25 equivalents per unit formula (Hofmann and Endell, 1939; Hofmann and Klemen, 1950) . The effect of heating on swelling is shown in Table 4 . Because the unit formula in all these minerals requires nearly the same surface in the plane of the silicate layer, and because the majority of the exchangeable cations lie between the silicate layers, this result, if confirmed in further studies, would mean that the density of the negative charge of the silicate layer measured per unit surface, or the density of exchangeable cations in equivalents per unit surface, is an important factor in the variations of lattice perfection and intracrystalline swelling and even for the existence of intracrystalline swelling (see Marshall, 1949; Hofmann and Klemen, 1950) . The limits indicated here for the cation equivalents may be somewhat different in their final determination, if other factors exercise any influence on these characteristics. Batavite with exchangeable K ions gives, especially when heated to 350 ~ C, such a good x-ray pattern that a Fourier analysis could be performed along the layer normal, in a way similar to those described by Brown (1950) and P6zer-at and M6ring (1954) for montmoritlonite, and by Mathieson and Walker (1954) for vermiculite. This Fourier analysis confirms the micalike structure of the silicate layer. The electron-density curve shows clearly the K ion between the silicate layers (Fig. 1) . The space requirement demands that they be surrounded by 12 oxygen ions, just as in the micas.
As numerous studies have shown, the clay minerals have the property of anion exchange as well as cation exchange. The excellent r6sum6 by Grim (1953) and the report of Romo and Roy (1955) should be mentioned here. For analytical reasons (Weiss, Mehler, Koch, and Hofmann, in press) we chose, for the studies of anion exchange in montmorillonite, the exchange of hydroxyl ions by fluorine ions. The clay was shaken, in plastic containers, with a solution of NH4F for 24 hours. We found that the anion exchange can be measured only in a neutral solution. At lower pH A1 may be dissolved from the lattice. At higher pH the fluorine ions are exchanged for the OH ions of the solution. In a neutral solution of NH~F, the exchange isotherms showed a constant final value if the concentration of the solution was greater than 1 N (Fig. 2) .
In the first treatment of a montmorillonite with the NH~F solution many more F ions disappear from the solution than OH ions pass into the solution, if the montmorillonite sets free such cations as, for example, Ca ions, which form difficultly soluble fluorides (Table 5) . For a similar reason such impurities as iron hydroxide, aluminum hydroxide, and calcium carbonate cause difficulty. Furthermore, the exchange is reversible if one again exchanges the F ions for OH ions in a 0.02 N hydrous NH3 solution. The quantity of exchangeable cations in the various montmorillonite specimens was rather constant. But the quantity of exchangeable OH ions for different montmorillonites varied inversely with the diameter of the crystal lamellae as seen in the electron microscope (Table 6) amples. This seems to prove that the exchange of anions is effected chiefly at the edges of the silicate layers.
According to the studies of Fricke, the surface of aluminum hydroxide exchanges mainly OH ions. These observations suggest the likelihood that the OH ions situated at the edges of the octahedral layers are exchanged for the F ions (Fig. 6) . FIGURE 7.--Exchange isotherms of kaolinite trom various deposits (pH of the exchange solution 7.1; supply of F-, 5,000 meq/100 g clay; 50 ml solution/1 g clay; shaking time 24 hours). This assumption was confirmed by further studies of nontronite. When the Fe z+ ions situated at the edges of the octahedral layers were oxidized to Fe 3+ ions by bromine in carbon disulfide, the consumption of bromine was equivalent to the increase of the anion exchange resulting from oxidation by air or hydrogen peroxide in 0.05 N NHs solution (Table 7) . When the Fe ~+ ions were reduced again witl~ a sodium hydrogen sulfite solution of pH 4.8, the anion exchange decreased equivalently. It is likely that in this reduction and oxidation only those iron ions reacted that were exposed at the edges of the octahedral layers. This is especially true for oxidation with bromine in carbon disulfide, because in this medium no intracrystalline swelling occurs. By oxidation nontronite becomes brown to yellow; by reduction, deep green. Our assumption that the exchange of F ions for OH ions takes place at the edges of the octahedral layers is in agreement with the results of Goldsztaub, H6nin and Wey (1954) , who studied the adsorption of phosphate ions by montmorillonite.
In our analogous studies of anion exchange in kaolinite we found that in ammonium-fluoride solutions of concentration considerably greater than 1 N the kaolinite is almost completely destroyed and ammonium cryolite (NH~)3 A1F6 and amorphous silicic acid are produced. The electron microscope showed that the crystal plates of the kaolinite had disappeared. In their place small grains were visible; these are judged to be amorphous silicic acid (Figs. 8 and 9) .
With concentrations of the solution in the neighborhood of 1N the exchange isotherms showed a flattening (Fig. 7) . When the values for the still reversible anion exchange were taken under these conditions, the various kaolins showed significant relationship between the anion-exchange capacity and the thickness of the crystal plates as determined from electron micrographs. (Table 8 and FIGUI~E 9.--Electron micrograph of Schnaittenbach kaolin, treated repeatedly with 3N NH4F solution. Fig. 10 .) The thicker the crystal plates, the smaller was the anion exchange capacity. It is, therefore, supposed that with the exchange of anions, as far as it occurs reversibly, not only the OH ions situated at the edges of the octahedral layers but also the many more OH ions on the basal surface of the kaolinite crystal are exchanged for F ions (Fig. 11) .
Thus one can calculate from the flat sections of the isotherms the thickness of the crystal plates. Also from the total surface (which we found by aid of nitrogen adsorption according to B E T) the thickness of the crystal plates can be calculated, neglecting the prism faces. The two calculations led to similar values for two kaolins (Table 8) . But the very good agreement may be only accidental and I think that our explanation of the anion exchange of kaolinite is only plausible rather than proved.
The cation exchange of the same kaolins showed rather smaller values than the anion exchange. There appeared, however, the same decrease with increasing thickness of the crystal plates. If this identical behavior should be confirmed by further measurements, this should mean that the basal surfaces also play a part in the exchangeability of cations in kaolinite. This would agree well with the results of Robertson, Brindley and Mackenzie (1954) who attribute the cation exchange of the kaolinite to replacement in the tetrahedral and octahedral layers.
In the investigation of the anion exchange of halloysite, i.e., the fully hydrated halloysite from Djebel Debar, it was shown that the lattice of halloysite was attacked by neutral NH~F solution more easily than that of kaolinite. Probably the NH~F was enabled to enter the water layers of the halloysite.
From a bend in the exchange isotherm taken with 0.6 N solution, a value of 80 meq OH ions per 100 g could be extrapolated. If this value is taken as a measure of the anion-exchange capacity of the undecomposed halloysite, then one obtains for the basal surface of halloysite in which the OH ions lie, a value of 38 m2/g. According to Bates, Hildebrand, and Swineford (1950) of the tube. Our halloysite tubes had a diameter of about 1000 A. If the wail thickness of the tubes is I00 A, this gives for the interior surface of the tubes a value of 35 m2/g which is practically the same as that derived from the anion exchange isotherms.
If the exchange in a 1N solution is measured after various times, there is obtained in the first 24 hours a relatively rapid reaction in which again about 80 meq of OH ions per 100 g are exchanged. Thereafter the reaction proeeecls very slowly, until after about 48 hours it is again faster until finally the halloysite crystals are extensively destroyed. If the anion exchange at first takes place effectively on the inner surface of the tubes, it is understandable that the silicie acid, which is formed by the commencement of lattice break-up after exchange of OH ions from the internal basal layers, blocks the tubes and thus slows down further reaction until the walls are so far broken down that the reaction can again proceed rapidly.
